IN THE UNITED STATES PATENT AND PATENT 
TRADEMARK OFFICE 



Applicant(s): Misuo Sugiyama; Hatsuyuki Arai 
5,605,499 



Reissue of 
Patent No.: 

Issued: 

Title: 



February 25, 1997 

FLATTENING METHOD AND 
FLATTENING APPARATUS OF A 
SEMICONDUCTOR DEVICE 



Docket No.: 30598.0004 
Application No. : 08/42 1 ,706 



Filed: 
Examiner: 



April 13, 1995 
Andrew Weinberg 



REISSUE DECLARATION OF HATSUYUKI ARAI (37 CFR 1.175^ 



Assistant Commissioner for Patents 
Washington, D.C. 20231 




I, HATSUYUKI ARAI, hereby declare as follows: 

1. My residence, post office address and citizenship are as stated below next to my 

name. 

2. I believe that I am an original, first, and joint inventor of the invention described and 
claimed in U.S. patent no. 5,605,499 which issued on February 25, 1997, and in the reissue 
application filed herewith, including in the Preliminary Amendment, and for which invention a 
reissue of U.S. patent no. 5,605,499 is solicited. 

3. I have reviewed and understand the contents of the captioned reissue application, 
including the claims as amended by the enclosed Preliminary Amendment. 
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4. I verily believe that the original patent, namely, U.S. patent no. 5,605,499, is wholly 
or partly inoperative or invalid by reason of our claiming less than we had a right to claim in the 
patent. 

5. The errors in, and insufficiency of, the originally issued claims relate to the existence 
of an unnecessary limitation in claims 1 , 6, and 1 1 that the tool (claims 1 and 6) or tool arm (claim 
11) for conditioning (i.e,, for forming the "fluff on) the polishing pad be "moved along a radial 
direction of the polishing cloth and perpendicular to the radial direction." As described in the 
specification, and as one skilled in the art will appreciate, this directional limitation for movement 
of the conditioning tool is not necessary. Any movement of the tool which effects conditioning of 
the polishing cloth will suffice. Accordingly, this limitation unnecessarily limits claims 1, 6 and 11. 

6. The errors specified in paragraph 5 above occurred during prosecution of the patent 
application which matured into U.S. patent no. 5,605,499. Specifically, the errors occurred in an 
amendment dated May 1 7, 1 996, which was filed in response to an Office Action dated February 26, 
1996. That office action rejected claims 1, 9 and 15 of the application (renumbered as claims 1, 6 
and 11 upon allowance) as being unpatentable as obvious over U.S. patent no. 5,154,021 to 
Bombardier et al in view of Japanese patent document no. JP-358702. The error giving rise to this 
application for reissue occurred in the May 17, 1996 amendment filed in response to the Office 
Action when claims 1 , 6 and 1 1 were amended to include the limitation that the tool or tool arm be 
"moved along a radial direction of the polishing cloth and perpendicular to the radial direction." 
This limitation was clearly not necessary to distinguish over the applied references and, 
consequently, we claimed less than we had a right to claim in the patent. 

7. The errors described in paragraph 6 above arose on or about May 1 7, 1 996, the date 
of filing of the amendment to the claims which added the unnecessary limitation, as follows. At the 
time the amendment was filed, I read and understood the specification and claims, but did not 
appreciate what amended claims 1, 6 and 11 covered and what the claims did not cover. 
Specifically, I did not fully appreciate the meaning of the limitation added to claims 1, 6 and 1 1 
requiring that the tool or tool arm be "moved along a radial direction of the polishing cloth and 
perpendicular to the radial direction." 

8. I also did not realize, after discussions with our former patent counsel and my review 
of the application and claims prior to the filing of the May 17 amendment, that claims 1, 6 and 1 1 
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could have been presented more broadly and that the added limitatioas were in fact unnecessary for 
patentability over the prior art, and would result in issuance of a patent claiming less than we had 
a right to claim. 

9. As a result of discussions with attorney Stewart Womack^ in-house patent counsel 
for SpeedFam Corporation, and with guidance from attorney Troy Schmelzer of the law firm of Snell 
& Wilmer, new outside patent counsel for SpeedFam Corporation and SpeedFam Company Limited, 
which discussions occurred between June 1997 and the present date, I now realize that claims 1, 6, 
and 1 1 were drafted too narrowly and that the limitations discussed above were unnecessary for 
patentability over the art of record. 

10. I understand each of the recited errors in originally issued claims 1, 6 and 1 1 and 
agree that we claimed less than we had a right to claim in the original patent. Because I was not 
aware that claims 1, 6, and 1 1 as amended on May 17, 1997 were unnecessarily narrow, these errors 
arose without any deceptive intention on my part. 

11. The erroneous and unnecessary limitations present in issued claims 1, 6 and 1 1 are 
removed from the claims by the Preliminary Amendment filed herewith. The amendments to claims 
1, 6 and 1 1 are fully supported in the original patent specification (column 9, lines 61-67) and hence, 
add no new matter to the patent. 

12. I acknowledge the duty to disclose to the United States Patent Office all information 
known to me to be material to patentability in accordance with 37 C.F.R. §1.56. 

13. I declare fiarther that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willfiil false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Signature: 




HATSUYUKI ARAI 

Date: P , yff7 
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Citizenship: JAPAN 



City of Residence: Ayase-shi 



Post Office Address: c/o Speedfam Company Limited 



2647, Hayakawa. Ayase-shi. Kanagawa 



Please send all further correspondence to Snell & Wilmer L.L.P. at the following 
address: 



SNELL & WILMER L.L.P. 

One Arizona C gntgr_ 
PhoenkTAn^ 

Afl^riO?^^ M^Schmelzer 

Tel (602) 382-6241 
Fax (602) 382-6070 



Country of Residence: JAPAN 
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IN THE UNITED STATES PATENT AND PATENT 
TRADEMARK OFFICE 



Applicant(s): Misuo Sugiyama; Hatsuyuki Arai 
5,605,499 



Reissue of 
Patent No.: 

Issued: 

Title: 



Febraary 25, 1997 

FLATTENING METHOD AND 
FLATTENING APPARATUS OF A 
SEMICONDUCTOR DEVICE 



Docket No.: 30598.0004 
Application No. : 08/42 1 ,706 



Filed: 
Examiner: 



April 13, 1995 
Andrew Weinberg 



REISSUE DECLARATION OF MISUO SUGIYAMA (37 CFR 1.175) 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



I, MISUO SUGIYAMA, hereby declare as follows: 



1. My residence, post office address and citizenship are as stated below next to my 

name. 

2. I believe that I am an original, first, and joint inventor of the invention described and 
claimed in U.S. patent no. 5,605,499 which issued on February 25, 1997, and in the reissue 
application filed herewith, including in the Preliminary Amendment, and for which invention a 
reissue of U.S. patent no. 5,605,499 is solicited. 

3. I have reviewed and understand the contents of the captioned reissue application, 
including the claims as amended by the enclosed Preliminary Amendment. 



395762.01 



-1- 



4. I verily believe that the original patent, namely, U.S. patent no. 5,605,499, is wholly 
or partly inoperative or invalid by reason of our claiming less than we had a right to claim in the 
patent. 

5. The errors in, and insufficiency of, the originally issued claims relate to the existence 
of an unnecessary limitation in claims 1, 6, and 1 1 that the tool (claims 1 and 6) or tool arm (claim 
11) for conditioning (ie., for forming the "fluff on) the polishing pad be "moved along a radial 
direction of the polishing cloth and perpendicular to the radial direction." As described in the 
specification, and as one skilled in the art will appreciate, this directional limitation for movement 
of the conditioning tool is not necessary. Any movement of the tool which effects conditioning of 
the polishing cloth will suffice. Accordingly, this limitation unnecessarily limits claims 1 , 6 and 1 1 . 

6. The errors specified in paragraph 5 above occurred during prosecution of the patent 
application which matured into U.S. patent no. 5,605,499. Specifically, the errors occurred in an 
amendment dated May 17, 1996, which was filed in response to an Office Action dated February 26, 
1996. That office action rejected claims 1, 9 and 15 of the application (renumbered as claims 1, 6 
and 11 upon allowance) as being unpatentable as obvious over U.S. patent no. 5,154,021 to 
Bombardier et al in view of Japanese patent document no, JP-358702. The error giving rise to this 
application for reissue occurred in the May 17, 1996 amendment filed in response to the Office 
Action when claims 1 , 6 and 1 1 were amended to include the limitation that the tool or tool arm be 
"moved along a radial direction of the polishing cloth and perpendicular to the radial direction." 
This limitation was clearly not necessary to distinguish over the applied references and, 
consequently, we claimed less than we had a right to claim in the patent. 

7. The errors described in paragraph 6 above arose on or about May 17, 1996, the date 
of filing of the amendment to the claims which added the unnecessary limitation, as follows. At the 
time the amendment was filed, I read and understood the specification and claims, but did not 
appreciate what amended claims 1, 6 and 11 covered and what the claims did not cover. 
Specifically, I did not fially appreciate the meaning of the limitation added to claims 1, 6 and 1 1 
requiring that the tool or tool arm be "moved along a radial direction of the polishing cloth and 
perpendicular to the radial direction." 

8. I also did not realize, after discussions with our former patent counsel and my review 
of the application and claims prior to the filing of the May 17 amendment, that claims 1, 6 and 1 1 
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could have been presented more broadly and that the added limitations were in fact unnecessary for 
patentability over the prior art, and would result in issuance of a patent claiming less than we had 
a right to claim. 

9. As a result of discussions with attorney Stewart Womack, in-house patent counsel 
for SpeedFam Corporation, and with guidance from attorney Troy Schmelzer of the law firm of Snell 
& Wilmer, new outside patent counsel for SpeedFam Corporation and SpeedFam Company Limited, 
which discussions occurred between June 1997 and the present date, I now realize that claims 1, 6, 
and 1 1 were drafted too narrowly and that the limitations discussed above were unnecessary for 
patentability over the art of record. 

10. I understand each of the recited errors in originally issued claims 1, 6 and 1 1 and 
agree that we claimed less than we had a right to claim in the original patent. Because I was not 
aware that claims 1, 6, and 1 1 as amended on May 17, 1997 were unnecessarily narrow, these errors 
arose without any deceptive intention on my part. 

IL The erroneous and uimecessary limitations present in issued claims 1, 6 and 1 1 are 
removed from the claims by the Preliminary Amendment filed herewith. The amendments to claims 
1 , 6 and 1 1 are fully supported in the original patent specification (column 9, lines 61-67) and hence, 
add no new matter to the patent. 

12. I acknowledge the duty to disclose to the United States Patent Office all information 
known to me to be material to patentability in accordance with 37 C.F.R. §1.56. 

13. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and fiirther that these 
statements were made with the knowledge that willfixl false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willfiil false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Signature: ^^^1,,:^<W^ 
MISUO SUGIviMX 

Date: Sep. JJ. /??! , 
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Citizenship: JAPAN 

City of Residence: Ayase-shi 



Country of Residence: JAPAN 



Post Office Address: c/o Speedfam Company Limited 



2647. Hayakawa. Ayase-shi. Kanagawa 



Please send all further correspondence to Snell & Wilmer L.L.P. at the following 
address: 



SNELL & WILMER L.L.P. 

One Arizona Center 
Phoenix, Arizona 85004-0001 
ATTENTION: Troy M. Schmelzer 

Tel. (602)382-6241 
Fax (602) 382-6070 
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IN THE UNITED STATES PATENT AND PATENT 
TRADEMARK OFFICE 



Applicant(s); Misuo Sugiyama; Hatsuyuki Arai 



Docket No.: 



30598.0004 



Reissue of 
Patent No.: 



5,605,499 



Application No. : 08/42 1 ,706 



Issued: 



February 25, 1997 



Filed: 



April 13, 1995 
Andrew Weinberg 



Title: 



FLATTENING METHOD AND 



Examiner: 



FLATTENING APPARATUS OF A 
SEMICONDUCTOR DEVICE 



REISSUE DECLARATION OF STEWART WOMACK (37 CFR 1.1 75^ 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 

I, STEWART WOMACK, hereby declare as follows: 

1. My residence, post office address and citizenship are as stated below next to my 



2. I act as in-house patent counsel for SpeedFam Corporation. SpeedFam Corporation 
is the sister corporation in the United States of SpeedFam Company Limited, the assignee of U.S. 
patent no. 5,605,499 for which reissue is sought. My duties include ongoing review and supervision 
of patent applications prosecuted on behalf of SpeedFam Company Limited, as well as of patents 
issued to SpeedFam Company Limited, including the captioned U.S. patent no. 5,605,499. 



name. 
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3. I have reviewed and understand the contents of the captioned reissue application, 
including the claims as amended by the enclosed Preliminary Amendment. 

4. I verily believe that the original patent, namely, U.S. patent no. 5,605,499, is wholly 
or partly inoperative or invalid by reason of the applicants claiming less than they had a right to 
claim in the patent. 

5. The errors in, and insufficiency of, the originally issued claims relate to the existence 
of an unnecessary limitation in claims 1 , 6, and 1 1 that the tool (claims 1 and 6) or tool arm (claim 
1 1) for conditioning (ie., for forming the "fluff on) the polishing pad be "moved along a radial 
direction of the polishing cloth and perpendicular to the radial direction." As described in the 
specification, and as one skilled in the art will appreciate, this directional limitation for movement 
of the conditioning tool is not necessary. Any movement of the tool which effects conditioning of 
the polishing cloth will suffice. Accordingly, this limitation unnecessarily limits claims 1 , 6 and 1 1 . 

6. The errors specified in paragraph 5 above occurred during prosecution of the patent 
application which matured into U.S. patent no. 5,605,499. Specifically, the errors occurred in an 
amendment dated May 17, 1996, which was filed in response to an Office Action dated February 26, 
1996, That office action rejected claims 1, 9 and 15 of the application (renumbered as claims 1, 6 
and 11 upon allowance) as being unpatentable as obvious over U.S. patent no. 5,154,021 to 
Bombardier et al in view of Japanese patent document no. JP-358702. The error giving rise to this 
application for reissue occurred in the May 17, 1996 amendment filed in response to the Office 
Action when claims 1, 6 and 1 1 were amended to include the limitation that the tool or tool arm be 
"moved along a radial direction of the poUshing cloth and perpendicular to the radial direction." 
This limitation was clearly not necessary to distinguish over the applied references and, 
consequently, the applicants claimed less than they had a right to claim in the patent. 

7. At the time the amendment was filed, I was not yet employed by SpeedFam 
Corporation and consequently did not have an opportunity to review the application or amendment 
prior to their filing. After having now reviewed the specification, claims and prosecution history, 
however, it is clear that it was not appreciated what amended claims 1, 6 and 1 1 covered and what 
the claims did not cover. Specifically, it was not appreciated that the meaning of the limitation 
added to claims 1, 6 and 1 1 requiring that the tool or tool arm be "moved along a radial direction of 
the polishing cloth and perpendicular to the radial direction." 
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8. It is also clear from my review of the application and claims as amended by the May 
17 amendment, that claims 1, 6 and 1 1 could have been presented more broadly and that the added 
limitations were in fact unnecessary for patentability over the prior art, and resulted in issuance of 
a patent claiming less than the applicants had a right to claim. 

9. The errors described in paragraphs 5-8 above came to my attention as a result of 
discussions with the named inventors in this application and as a result of guidance received from 
attorney Troy Schmelzer of the law firm of Snell & Wilmer, new outside patent counsel for 
SpeedFam Corporation and SpeedFam Company Limited. These discussions and guidance, which 
occurred between June 1997 and the present date, led me to realize that claims 1, 6, and 1 1 were 
drafted too narrowly and that the limitations discussed above were umecessary for patentability over 
the art of record. 

10. I understand each of the recited errors in originally issued claims 1, 6 and 11 and 
agree that the applicants claimed less than they had a right to claim in the original patent. Because 
I was not and could not have been aware that claims 1, 6, and 1 1 when amended on May 17, 1997 
were unnecessarily narrow, these errors arose without any deceptive intention on my part. 

11. The erroneous and unnecessary limitations present in issued claims 1, 6 and 11 are 
removed from the claims by the Preliminary Amendment filed herev^th. The amendments to claims 
1, 6 and 1 1 are fully supported in the original patent specification (column 9, lines 61-67) and hence, 
add no new matter to the patent. 

12. I acknowledge the duty to disclose to the United States Patent Office all information 
known to me to be material to patentability in accordance with 37 C.F.R. §1.56. 

13. I declare fiirther that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willfiil false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Signature: 

STEWARTJf^OMACK 

Date: f-fl-j? 
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Citizenship: United States 

City of Residence: Scoffs Jc^lc 

Country of Residence: United States 

Post Office Address: SZO I S ^^wvvna 



Please send all further correspondence to Snell & Wilmer L.L.P. at the following 
address: 

SNELL & WILMER L.L.P. 

One Arizona Center 
Phoenix, Arizona 85004-0001 
ATTENTION: Troy M. Schmelzer 

Tel. (602) 382-6241 
Fax (602) 382-6070 
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IN THE UNITED STATES PATENT AND PATENT 
TRADEMARK OFFICE 



Applicant(s): Misuo Sugiyama; Hatsuyuki Arai 
5,605,499 



Reissue of 
Patent No.: 

Issued: 

Title: 



February 25, 1997 

FLATTENING METHOD AND 
FLATTENING APPARATUS OF A 
SEMICONDUCTOR DEVICE 



Docket No.: 30598.0004 
Application No. : 08/42 1 ,706 



Filed: 
Examiner: 



April 13, 1995 
Andrew Weinberg 



REISSUE DECLARATION OF TROY SCHMELZER (31 CFR 1 .1 75^ 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I, TROY SCHMELZER, hereby declare as follows: 

1. My residence, post office address and citizenship are as stated below next to my 

name. 

2. I act as outside patent counsel for SpeedPam Company Limited, the assignee of U.S. 
patent no. 5,605,499 for which reissue is sought, as well as for SpeedFam Corporation, which is the 
sister corporation in the United States of SpeedFam Company Limited. My duties include ongoing 
review and supervision of patent applications prosecuted on behalf of SpeedFam Company Limited, 
as well as of patents issued to SpeedFam Company Limited, including the captioned U.S. patent no. 
5,605,499. 
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3. I have reviewed and understand the contents of the captioned reissue appUcation, 
including the claims as amended by the enclosed Preliminary Amendment. 

4. I verily believe that the original patent, namely, U.S. patent no. 5,605,499, is wholly 
or partly inoperative or invalid by reason of the applicants claiming less than they had a right to 
claim in the patent. 

5. The errors in, and insufficiency of, the originally issued claims relate to the existence 
of an unnecessary limitation in claims 1, 6, and 1 1 that the tool (claims 1 and 6) or tool arm (claim 
1 1) for conditioning (ie,, for forming the "fluff on) the polishing pad be "moved along a radial 
direction of the polishing cloth and perpendicular to the radial direction." As described in the 
specification, and as one skilled in the art will appreciate, this directional limitation for movement 
of the conditioning tool is not necessary. Any movement of the tool which effects conditioning of 
the polishing cloth will suffice. Accordingly, this limitation unnecessarily limits claims 1, 6 and 11, 

6. The errors specified in paragraph 5 above occurred during prosecution of the patent 
application which matured into U.S. patent no. 5,605,499. Specifically, the errors occurred in an 
amendment dated May 17, 1996, which was filed in response to an Office Action dated February 26, 
1996, That office action rejected claims 1, 9 and 15 of the application (renumbered as claims 1, 6 
and 11 upon allowance) as being unpatentable as obvious over U.S. patent no, 5,154,021 to 
Bombardier et al in view of Japanese patent document no. JP-3 58702. The error giving rise to this 
application for reissue occurred in the May 17, 1996 amendment filed in response to the Office 
Action when claims 1, 6 and 1 1 were amended to include the limitation that the tool or tool arm be 
"moved along a radial direction of the polishing cloth and perpendicular to the radial direction." 
This limitation was clearly not necessary to distinguish over the applied references and, 
consequently, the applicants claimed less than they had a right to claim in the patent. 

7. At the time the amendment was filed, I had not yet been retained by SpeedFam 
Company Limited and consequently did not have an opportunity to review the application or 
amendment prior to their filing. After having now reviewed the specification, claims and 
prosecution history in full detail, however, it is clear that it was not appreciated what amended 
claims 1, 6 and 1 1 covered and what the claims did not cover. Specifically, it was not appreciated 
that the meaning of the limitation added to claims 1, 6 and 1 1 requiring that the tool or tool arm be 
"moved along a radial direction of the polishing cloth and perpendicular to the radial direction." 
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8. It is also clear from my review of the application and claims as amended by the May 
17 amendment, that claims 1, 6 and 1 1 could have been presented more broadly and that the added 
limitations were in fact unnecessary for patentability over the prior art, and resulted in issuance of 
a patent claiming less than the applicants had a right to claim. 

9. The errors described in paragraphs 5-8 above came to my attention while conducting 
a detailed review of the prosecution history of, and references cited against, the captioned application 
during June of 1997. As a result of this review, and subsequent discussions with Stewart Womack, 
in-house patent counsel for SpeedFam Corporation, I have concluded that claims 1, 6, and 1 1 were 
drafted too narrowly and that the limitations discussed above were unnecessary for patentability over 
the art of record, 

10. I understand each of the recited errors in originally issued claims 1, 6 and 1 1 and 
agree that the applicants claimed less than they had a right to claim in the original patent. Because 
I was not and could not have been aware that claims 1 , 6, and 1 1 when amended on May 1 7, 1 997 
were unnecessarily narrow, these errors arose without any deceptive intention on my part. 

11. The erroneous and unnecessary limitations present in issued claims 1, 6 and 1 1 are 
removed from the claims by the Preliminary Amendment filed herewith. The amendments to claims 
1, 6 and 1 1 are fully supported in the original patent specification (column 9, lines 61-67) and hence, 
add no new matter to the patent, 

12. I acknowledge the duty to disclose to the United States Patent Office all information 
known to me to be material to patentability in accordance with 37 C.F.R. §1.56. 

13. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willfial false statements may jeopardize the validity of the application or any 
patent issuing thereon. 

Signature: . x^^^r-^^^, ^ 



troi^hmeLzer 

Date: XA^L^^l 
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Citizenship: United States 



City of Residence: 



Country of Residence: United States 



Please send all further correspondence to Snell & Wilmer L.L.P. at the following 
address: 



SNELL & WILMER L.L.P. 

One Arizona Center 
Phoenix, Arizona 85004-0001 
ATTENTION: Troy M. Schmelzer 

Tel. (602) 382-6241 
Fax (602) 382-6070 
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IN THE UNITED STATES PATENT AND PATENT 
TRADEMARK OFFICE 



Applicant(s): Misuo Sugiyama; Hatsuyuki Arai 

Reissue of 5,605,499 
Patent No.: 



Application No.: 08/421,706 



Docket No.: 



30598.0004 



Issued: 



February 25, 1997 



Filed: 



April 13, 1995 
Andrew Weinberg 



Title: 



FLATTENING METHOD AND 



Examiner: 



FLATTENING APPARATUS OF A 
SEMICONDUCTOR DEVICE 



WRITTEN ASSENT TO APPLICATION FOR REISSUE AND 
OFFER TO SURRENDER ORIGINAL LETTERS PATENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



The undersigned assignee of the entire right, title and interest in U.S. patent no. 5,605,499, 
issued on February 25, 1997, hereby assents to the application for reissue of said patent filed 
herewith. 

The undersigned is the owner of the entire right, title and interest in said patent by virtue of 
assignment from the inventors, MISUO SUGIYAMA and HATSUYUKI ARAI, to SPEEDFAM 
COMPANY LIMITED, as shown on the title report for which an order for a certified copy 
accompanies this application. 



Sir: 
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The undersigned hereby offers to surrender said original Letters patent. 



Executed at Ayase-shi . Kanaaawa-ken . JAPAN, on October 6.1997 
1997, by its duly authorized officer. 



£3 
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m 

hi 
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SI 



SPEEDFAM COMPANY LIMITED 
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Express Mail No. EM 339 509 336 US 



C CERTIFICATE OF MAILING BY EXPRESS MAIL 

I hereby certify that this Reissue Application Transmittal Letter and the documents referred to as enclosed therein are, 
-j-pursuant to 37 C.F.R. §1.10. being deposited as "Express Mai!" this date with the United States Postal Service in an envelope 
-addressed to Assistant Commissioner for Patents, Washington D.C. 20231. 
c 



Date: October 29. 1997 



By: 



Signature of;person depositing Express Mail 



Applicant(s): 

Reissue of 
Patent No. 

Issued: 

TITLE: 



IN THE UNITED STATES PATENT AND 
TRADEMARK OFFICE 

REISSUE APPLICATION TRANSMITTAL LETTER 

Docket No,: 30598.0004 

IVIisuo Sugiyama; Hatsuyuki Aral 



PATENT 



Application No.: 08/421 ,706 



5,605,499 
February 25, 1997 



Filed: 



FLATTENING METHOD AND FLATTENING Exanniner: 

APPARATUS OF A SEMICONDUCTOR 

DEVICE 



April 13, 1995 
Andrew Weinberg 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Transmitted herewith for filing is an application for reissue of United States patent 5,605,499 of Misuo 
Sugiyama and Hatsuyuki Arai, issued on February 25, 1997, for a "Flattening Method and Flattening 



Apparatus of a Semicondcutor Device". 



Enclosed are the following: 



] Assignment to . with extra copy of this letter 

] Verified Statement(s) establishing "small entity" status 
;X ] Preliminary Amendment 
; ] information Disclosure Statement 
[ ] PTO Form No. 1449 and copies of cited documents 
[X ] Other: 

* Reissue Declaration of Misuo Sugiyama (37 CFR 1.175) 

* Reissue Declaration of Hatsuyuki Arai (37 CFR 1.175) 

* Reissue Declaration of Stewart Womacl< (37 CFR 1.175) 

* Reissue Deciaration of Troy Sclimelzer (37 CFR 1.175) 

* Offer of Misuo Sugiyama to Surrender Original Letters Patent (37 CFR 1.178) 

* Offer of Hatsuyuki Arai to Surrender Original Letters Patent (37 CFR 1.178) 
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IN THE UNITED STATES PATENT AND PATENT 
TRADEMARK OFFICE 



Applicant(s): Misuo Sugiyama; Hatsuyuki Arai 
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Reissue of 
Patent No.: 
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Title: 
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FLATTENING METHOD AND 
FLATTENING APPARATUS OF A 
SEMICONDUCTOR DEVICE 



Docket No.: 30598.0004 
Application No.: 08/421,706 



Filed: 
Examiner: 



April 13, 1995 
Andrew Weinberg 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination of the captioned reissue application, please amend the application as 
follows: 
In the Claims 

Rewrite claim 1 as follows: 

1 . (Amended) A flattening method of a semiconductor device by a chemical-mechanical 
polishing process comprising, 

preparing a synthetic resin polishing cloth in a circular form and a tool for forming a surface 
layer of the synthetic resin polishing cloth to have fluff thereon in a polishing process, 
said tool having an annular shape with a diameter less than a radial length of the 
polishing cloth, and 

392532.01 -1- 



rotating the polishing cloth along a central axis thereof and pressing the tool on a radial 
portion of the polishing cloth, said tool being moved along [a radial direction of] the 
polishing cloth [and perpendicular to the radial direction] to thereby form the fluff on the 
polishing cloth so that the polishing cloth can evenly and continuously polish the 
semiconductor device. 

Rewrite claim 6 as follows: 

6. (Amended) A flattening method of a semiconductor device by a chemical-mechanical 
polishing process comprising, 

preparing a synthetic resin polishing cloth in a circular form and a tool for forming a 

surface layer of the synthetic resin polishing cloth to have fluff thereon, said tool having 
an annular shape with a diameter less than a radial length of the polishing cloth, 

rotating the polishing cloth along a central axis thereof and pressing the tool on one radial 
portion of the polishing cloth, said tool being moved along [a radial direction of] the 
polishing cloth [and perpendicular to the radial direction] to thereby form the fluff on the 
polishing cloth, and 

rotating means for supporting the semiconductor device along a central axis thereof and 
pressing the semiconductor device on a different radial portion of the polishing cloth to 
polish the semiconductor device while the tool is moved on the polishing cloth to recreate 
a surface shape thereof so that the polishing cloth can evenly and continuously polish the 
semiconductor device. 

Rewrite claim 11 as follows: 

1 1 . (Amended) A flattening apparatus of a semiconductor device by a chemical-mechanical 
polishing process comprising, 

a flattening device having a circular polishing cloth for polishing the semiconductor 

device, said flattening device being rotated in one direction along a central axis 

thereof, 

a device for forming a surface layer of the polishing cloth having fluff thereon, said 
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forming device having an annular shape with a diameter less than a radial length of 
the polishing cloth, and 
a tool arm connected to the forming device, said tool arm being moved along [a radial 
direction of] the polishing cloth [and perpendicular to the radial direction] to thereby 
form the fluff on the polishing cloth while polishing is being made by the polishing 
cloth. 

REMARKS 

Applicants hereby submit the foregoing amended claims 1, 6, and 11. Applicants 
respectfully submit that the currently pending amended claims 1, 6, and 1 1 constitute a clear basis 
for reissue and that all pending claims are patentable over the art of record. Applicants verily believe 
the original patent, namely, U.S. Patent No. 5,605,499, is wholly or partly inoperative or invalid by 
reason of the Applicants claiming less than they have a right to claim in the patent. 

The insufficiencies of originally issued claims 1, 6 and 1 1 in U.S. Patent No. 5,605,499 
relate to the existence of an unnecessary limitation appearing in each of claims 1 , 6, and 1 1 requiring 
that the tool for conditioning (ie., for forming the "fluff on) the polishing pad be "moved along a 
radial direction of the polishing cloth and perpendicular to the radial direction." As described in the 
specification, and as one skilled in the art will appreciate, this directional limitation for movement 
of the conditioning tool is not necessary. Any movement of the tool which effects conditioning of 
the polishing cloth suffices. Accordingly, this hmitation unnecessarily limits claims 1, 6, and 11. 

This preliminary amendment removes this unnecessary limitation from each of claims 
1, 6, and 1 1 . The amendments to the claims are fully supported in the original patent specification 
(column 9, lines 61-67) and hence, add no new matter to the application. 

It is submitted that the claims 1, 6, and 1 1, as amended, properly set forth that which 
applicants regard as their invention and are allowable over the art of record. The defects in the 
claims constitute an adequate basis for reissue of U.S. patent no. 5,605,499 and are properly 
supported by the Declarations submitted herewith. 
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Favorable consideration of this reissue application is earnestly solicited. The Examiner 
is invited to contact the undersigned at the number listed below to discuss the matters set forth 
above in greater detail. 

Dated this 2^ d ay of OcV , 1997. 

Respectfully submitted, 



Bv: X^^xV'^^f 

Troj^. Schmelzer 
Reg. No. 36,667 



SNELL & WILMER, l.l.p. 

One Arizona Center 
Phoenix, Arizona 85004-0001 
(602) 382-6241 
FAX: 602 (382) 6070 
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ABSTRACT 



A method for flattening an inter-layer insulating *lm of a 
semiconductor device of a multi-wiring is carried out with a 
chemical-mechanical polishing process by using an appara- 
tus, which includes two-layer polishing cloth having an 
unwoven cloth and a hard foamed layer afExcd on a support 
plate. In order to fluff on a surface of the hard foamed layer 
or recreate on the whole surface thereof, a tool is provided 
on the polishing cloth. A silicon wafer is held through a 
backing pad so that an insulating film of a semiconductor 
device formed on the wafer is polished by the polishing cloth 
by rotation of the support plate and the wafer, and at the 
same time the surface layer of the polishing cloth is fluffed 
by the tool provided with a polishing surface having the 
curvature as that of the backing pad. Therefore, a polishing 
rale can be kept stable, and uniformity of polishing quantity 
is improved. 



21 Claims, 12 Drawing Sheets 
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^F LATT ENLNG METH OD AND FLATTENING 
APPAMSlSjaEA^EMmi^^ 
DEVICE 



BACKGROUND OF THE INVENTION AND 5 
RELATED ART STATEMENT 

The present invention relates to a flattening method and a 
flattening apparatus for a semiconductor device for flatten- 
ing, by a chemical-mechanical polishing process, portions iq 
requiring flatness on uneven surfaces of elenients constitut- 
ing a semiconductor device, such as a metal wiring, poly- 
silicon film, epitaxial growth film, resistance film, xn&tal 
plug, silicon nitride film and inter-layer insulating film. In 
particular, the invention relates to a flattening method and a j5 
flattening apparatus for a semiconductor device for control- 
ling a polishing rate by forming a surface layer or Tccreaiing 
a surface shape of a polishing cloth, so that the polishing rate 
on a whole wafer surface is kept uniform. 

Recently, for producing multi-layer and high denslQ^ IC 20 
and LSI, flattening of a wiring layer and an inter-layer ' 
insulating layer has been required. The word "flatness" 
means, for example, that a surface of the intcr-Iayer insu- 
lating film must be formed to be a straight line parallel to the 
surface of a wafer and a support plate in a micro view, and 25 
to t>e curved so as to have the same wave as those of the 
surface of the wafer and the support plate in a macro view. 

The reason why the flatness is required for the multi-layer 
IC and LSI is described hereunder. For example, in case a 
multi-layer IC is produced, as shown in FIGS. 22(A) 30 
through 22(E), first, a flat semiconductor support plate 1, i.e. 
a silicon wafer, is provided with lower layer wirings 2a, 2b 
and 2c of the same height in the drawing, only^elcctrodcs of 
upper portions of the wirings are shown. 

An inter-iaycr insulating film 3 is formed on the lower 
layer wirings 2a, 2b and 2c. then contact holes 3a, 3b and 3c 
are formed, and an upper layer wiring 4 is further formed to 
contact the lower wirings 2a, 2b and 2c. 

At this lime, if a thickness of the inler-layer insulating film 
3 on the lower layer wirings 2a, 2b and 2c is not unifonn, 
when the contact holes 3^1, 3b and 3c arc formed, the contact 
holes may not reach the lower layer wirings 2a, 2b and 2c 
as shown in FIG. 22(E), or the wirings may be etched, which 
results in cutting the wirings. Further, in case a photolithog- 
raphy is applied, a line width tends to be thin according to 
a design rule, and a wave length of ultraviolet rays becomes 
short, so that a focus depth becomes shallow. Therefore, in 
case level difference and uncvcnncss arc great, an image 
may not be fonmcd. TiKrcforc, the flatness is required for 
fine wirings. 

Incidcntaliy, in a semiconductor device including a logic 
circuit and a memory circuit, especially such as ASIC, a 
conventional flaucning nicihod of an inlcr-laycr insulating 
film in combination of a rcflow method and an eiching 55 
method by subjecting lo a high icmpcraiurc trcauncnt results 
in a high cost due to increased number of steps. This 
problem arises when an clement includes a high density 
portion and a coarse density portion of a wiring, irrespective 
of a logic circuit or memory circuit. 

As shown in FIGS. 21(A). 21(B) and 21(C). even if a 
surface of an imcr-iaycr insulating film 3 is fiaticned by a 
refiow method in FIG. 21(B) and an etching method in FIG. 
21(C) to obtain a flattened surface 6, when intervals among 
wirings 5a, 5b and 5c are over 200 jim, it is technically 65 
difficult to flatten the surface of the inter- layer insulating 
film.Tiiercforc, in view of simplifying ihc process steps and 
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lowering the cost, a chemical-mcchanicaJ polishing tech- 
nique which has been used in a mirror surface polishing of 
a semiconductor substrate has been adopted to obtain a 
flattened surface of the inter-layer insulating film. 

The chemical-mechanical polishing technique is a tech- 
nique where, as shown in HGS, 20(A) and 20 (B), uneven 
portions of an inter-layer insulating film 3 are polished to be 
flattened on the basis of a wafer surface 1^. 

In the chemical-mechanical polishing technique, in case a 
fine area in a tip is polished, the area is to be polished in a 
straight line as shown in FIG. 20(A), However, when 
considering a wafer 1 as a whole, it is required that the 
inter-layer insulating film 3 is polished to accord with the 
unevenness of the wafer L More specifically, as shown by 
a phantom line in FIG. 20(B), the inter-layer insulating film 
3 is required to be polished to accord with the unevenness 
(wave) of the wafer 1, which is flattened from a micro view 
and unifonnity from a macro view. 

The polishing requirements appear to be inconsistent, but 
it is possible to attain the requirements with improvements 
of a structure of a polishing apparatus and a j^olishing 
method. This improvement allows all tips a-d on the wafer 
1 to be formed uniformly as shown in FIG. 19. Therefore, if 
the inter-layer insulating film can be polished in an equal 
quantity, it is beside the question whether the polishing is 
carried out based on a back surface or a front surface of the 
wafer 1. 

The following flattening techniques employing the chemi- 
3Q cal-mechanical polishing process have been known as prior 
art 

A flattening technique is disclosed in, for example, Japa- 
nese Patent Publication (KOKOKU) No. 5-30052. 
That is, "a method for producing a semiconductor device 
35 characterized in that an inter-layer insulating film for insu- 
lating between a wiring provided on the semiconductor 
device and a wiring provided on an upper layer thereof is 
interposed, and then chemical-mechanical polishing is 
applied thereon to thereby fiaUen a surface of the inter-layer 
40 insulating film" is disclosed. 

The Japanese Patent Publication only discloses that the 
chemical-mechanical polishing apparatus is capable of pol- 
ishing a plurality of wafers at a time by using the conven- 
tional polishing apparatus for polishing a mirror surface of 
a silicon substrate plate. However, it docs not disclose any 
specific method and apparatus. 

Further, a polishing apparatus to be used in flattening is 
disclosed in Japanese Patent Publication (KOliYO TOK- 
KYO) No. 5-505769. 

More specifically, "in a polishing apparaius for polishing 
a surface of an object to be polished including flat laying 
surfaces in a macro view and at icasi a pair of elements 
connected to the respective laying surfaces with a subsian- 
55 lially equal distance away from the respective laying sur- 
faces and disposed with a distance less than 500 ihcrc- 
from, the surface to fac polished facing an upper surface of a 
coating layer covering the elements and the laying surfaces 
and being flat in a macro view and uneven in a micro view 
so that the elements are exposed and the surface to be 
polished is flattened in a micro view by polishing, said 
polishing apparatus comprises the following (a), (b) and (c): 
(a) polishing pad means including the following (A), (B), 
(C) and (D); 

65 (A) a substrate; (B) a first layer formed of an elastic 
material having a distortion constant higher than 6yJpsi 
when received a predctcnnined pressure over 4 psi, and 
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affixed to one side of the substrate with an opposite side 
thereof as an outer surface; (C) a second layer formed 
of an elastic material having a distortion constant 
smaller than that of the first layer when received the 
predetermined pressure as mentioned in (B) and con- 5 
tacting at least the outer surface mendoned in (B) to 
thereby polish the opposite side thereof; and (D) a 
slurry liquid for polishing to be supplied to the second 
polishing surface as an abrasive, 

(b) holding means for holding an object to be polished so lo 
that a surface to be polished faces a polishing surface, and 

(c) a moving device for moving at least one of Uie 
polishing pad means and the holding means to the other side 
thereof so that the sluny liquid for polishing and the 
polishing surfece are brou^t into contact with the surface to I5 
be polished to thereby polish the surface to be polished" 

However, the prior art only discloses a mode of a com- 
posite polishing cloth, and does not disclose a technique for 
forming a surface layer of a polishing cloth required in case 
polishing is carried out by using the polishing cloth, or a ^ 
technique for recreating a surface shape of the polishing 
cloth. 

At present, as shown in FIG. 18, when an inter-layer 
insulating film 8 for insulating wirings 7 on a wafer 1 of a 
semiconductor device is flattened by a chemical-mechanical 25 
polishing method, a two-layer polishing cloth including an 
upper layer polishing cloth 9 formed of a hard synthetic lesin 
and a lower layer polishing cloth 10 formed of a soft 
unwoven cloth and afExed to a support plate 11, is generally 
used. Incidentally, numeral 12 represents a template for a 30 
chuck for holding the silicon wafer 1, and 13 represents a 
backing pad. 

The reason why the polishing cloth is formed of two 
layers is that the polishing cloth is required to have a 
softness to follow a wave of the silicon wafer 1 and a 35 
hardness to smooth a surface of an object to be polished On 
the contrary, a suede type polishing cloth which has been 
generally used for polishing a mirror surface of a silicon 
base is very soft so that sags arc created on a peripheral 
portion of the wafer. 4^ 

However, since an area on the wafer is used as wide as 
possible in order lo increase a yield rate, an "exclusion" is 
required to be as little as possible. The "exclusion'' means 
how many millimeters are excluded from an outer periphery. 
Therefore, it is naturally undesirable that the sags become 45 
large on the outer peripheral portion. Thus, the suede type 
polishing cloth is not suitable for flattening. In case an 
inter-layer insulating film is polished, as a quantity to be 
removed is increased, the sags become iarge. 

Also, the convenlionai unwoven type polishing cloth is 50 
very soft, so that the unwoven type cloth does not polish a 
surface to be fiat and is easily damaged. Therefore, in case 
a semiconductor device is polished by using the chemical- 
mcchanicaJ polishing method, it is necessary tliat the pol- 
ishing cloth has a two layer structure including the lower soft 55 
layer and the upper hard layer. 

Further, as techniques for forming a surface layer of a 
polishing cloth and for recreating a surface shape of a 
polishing cioih, Japanese Utility Model Publication 
(KOKAI) No. 62-95865, Japanese Patent Publication 60 
(KOKAI) No. 4-343658 and Japanese Patent Publication 
(KOKAI) No. 5-177534 are mentioned. 

In Publication No. 62-95865, a technique for removing 
polishing scraps from a polishing cloih is disclosed, and 
does not concern fluffing on a surface of a polishing cloth, 65 
i.e. formation of a surface layer of a polishing cloth. Tlie 
technique does not disclose techniques for forming a surface 
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layer of a polishing cloth and for recreating a surface shape 
of a polishing cloth according to the present invention. 

Publication No. 4-343658 discloses that in case chaps, 
such as fluffs and waves, are created on a surface of a 
5 polishing cloth, the polishing accuracy is decreased. Also, 
since outer peripheral portions of an area where a wafer 
passes on the polishing cloth are inclined, the wafer can not 
be polished fiat. Therefore, the chaps on the polishing cloth 
are corrected. 

10 However, as described later, contrary to the concept of 
Publication No. 4-343658, in the present invention, the 
fluffs, i.e., a surface layer is intended to be formed on a 
polishing cloth. Also, Publication No. 4-343658 discloses 
that when the wafer passing portion is inclined, the wafer 

15 can not be polished flat. However, in the present invention, 
the surface shape of the polishing cloth is intended to be 
recreated so that the area where a wafer passes is positively 
kept in an inclined shape, convex shape, concave shape or 
flat shape, 

20 Further, Publication No. 5-177534 discloses that after 
polishing in a high pressure area, it is desirable to coaect 
changes, such as mesh-cloggmg, with passage o^rae of the 
polishing cloth in the high pressure area by carrying out 
grinding with a diamond dresser. However, there arc not 

25 shown a technique of the present invention where a surface 
of a polishing cloth is fluffed to form a surface layer of the 
polishing cloth, and a technique where an area of the 
polishing cloth including a portion which slidingly contacts 
a wafer is positively held in the same shape, such as a 

30 convex shape, concave shape or flat shape, as that of a 
backing pad on a wafer holding side. In other words, 
recreation of the surface shape of the polishing cloth is not 
disclosed therein. 

In "Electronics Materials" published on March, 1994, 

35 chemical mechanical polishing for inter-layer is disclosed, 
wherein the inter-layer is polished by a grinding pad formed 
of hard resin portions supported by soft elastic materials. 
Also, a grinding material in a slurry form is used for 
polishing. A support for a material to be ground is rotated on 

40 its own axis while being rotated around a different axis. 

SUMMARY OF THE INVENTION 

In view of the above defects, the following techniques are 
required for smoothing or flattening a semiconductor device 
by using a chemical-mechanical polishing method; (1) an 
area smaller than one tip is polished in a straight line paralle! 
to a surface of a wafer base; and (2) an mter-layer insulating 
film has a uniform thickness by removing an equal quantity, 
irrespective of the density of wirings when a whole surface 
of the wafer is viewed. The present invention is to provide 
a polishing method and a polishing apparatus to meet the 
above requirements. 

A flattening method of a semiconductor device for flat- 
tening by a chemical-mechanical polishing process of the 
present invention is characterized by carrying out formation 
of a surface layer and/or recreation of a surface shape of a 
polishing cloth having a hardness of higher than SO, pref- 
erably from 90 to 110, and most preferably 95 according to 
c scale of Jn$-6301, at an initial stage, in the middle of 
polishing process, continuously in the polishing process, or 
before termination of the polishing process. 

A flattening apparatus of a semiconductor device for 
flattening by a chcmicai-mechanical polishing process of the 
present invention is characterized by a tool for carrying out 
formation of a surface layer and/or recreation of a smface 
shape of a polishing cloth having a hardness of higher than 



50 



55 



60 



5,605,499 



80, preferably from 90 to 110, and most preferably 95 
according to c scale of JIS-6301, at an initial stage of a 
polishing process, in the middle of the polishing process, 
continuously in the polishing process, or before termination 
of the polishing process. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(A) is a cross section view of an essential part of the 
present invention; 

FIG. 1(B) is a plan view showing a positional relationship 1 0 
of a polishing cloth, wafer, tool and backing pad; 

FIG. 2(A) is a diagram showing a variation of flatness of 
a backing pad; 

FIG, 2(B) is a diagram showing a variation of flatness of 
another backing pad; 

HG- 2(C) is a diagram showing a variation of flatness of 
a backing pad; 

FiG. 2(D) shows cross sections in a concave shape of a 
backing |^ 20 

FIG. 2(E) is diagram showing cross sections in a concave 
shape with * and a convex shape with 

FIG. 3 is a diagram showing a variadon of flatness of a 
backing pad; 

FIG. 4(A) shows a tool in a ring shape to be used in the ^ 
present invention; 

FIG, 4(B) shows another tool in a disc shape to be used 
in the present invention; 

FIG. 4(C) shows a tool in a ring shape with projections to 30 
be used in the present invention; 

FIG, 5 is a graph showing a relationship between polish- 
ing rate and polishing number when a surface layer of a 
polishing cloth was formed in an embodiment of the present 
invention; 35 

FIG. 6 is a graph showing a relationship between unifor- 
mity and polishing number when a surface layer of a 
polishing cloth is formed in the embodiment of the present 
invention; 

FIG. 7 is a diagram showing measuring directions on a 
surface of a polishing cloth on a support plale; 

FIG. 8(A) is across section view showing a whole surface 
shape of a polishing cloth on a support plate according to the 
present invention; 

FIG. 8(B) is across section view showing a whole surface 
shape of another polishing clolb on a support plate according 
to the present invention; 

FIG, 8(C) is a cross section view showing a whole surface 
shape of siili another polishing cloth on a support plate; 50 

FIG. 9(A) shows a surface, without fluffs, of a polishing 
cloth formed of a hard foamed polyurcihanc; 

FIG- 9(B) shows a fluficd surface of a polishing clotli 
formed of a hard foamed polyurcihanc; 

FIG: 10 is a cross section views taken by a scan type 
elcciron micrograph for a hard synthetic resin polishing 
cloth when dressing of the cloih during the polishing pro- 
cess; 

FIG. 11 is a plan view taken by the scan type electron 
micrograph of the hard synthetic resin polishing cloth for 
consiiluLing the polishing cloth used in the embodiment of 
Ihc present invention when dressing of the hard synthetic 
resin polishing cloth was carried out during the polishing 
process; ^5 

FIG. n is a cross section view taken by a scan type 
electron micrograph of a hard svmheiic resin polishing cloth 
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for constituting a polishing cloth used in an embodiment of 
the present invention after polishing was carried out by the 
hard synthetic resin polishing cloth; 

FIG. 13 is a plan view taken by the scan type electron 

5 micrograph of the hard synthetic resin polishing cloth for 
constituting the polishing cloth used in the emboditnent of 
the present invention after polishing was carried out by the 
hard synthetic resin polishing cloth; 
FIG. 14 is a cross section view taken by a scan type 

i 0 electron micrograph of a hard synthetic resin polishing cloth 
for constituting a polishing cloth used in an embodiment of 
the present invention after dressing of the hard synthetic 
resin polishing cloth was carried out; 

FIG, 15 is a plan view taken by the scan type electron 
micrograph of the hard synthetic resin polishing cloth for 
constituting the polishing cloth used in the embodiment of 
the present invention after dressing of the hard synthetic 
resin polishing cloth was carried out; 

FIG. 16 is a cross section view taken by a scan type 
electron micrograph of a hard synthetic resin polishing cloth 
for constituting a polishing cloth used in an embo4iment of 
the present invention when dressing of the hard synthetic 
resin polishing cloth was not carried out; 

25 FIG. 17 is a plan view taken by the scan type electron 
micrograph of the hard synthetic resin polishing cloth for 
constituting the polishing cloth used in the embodiment of 
the present invention when dressing of the hard synthetic 
resin polishing cloth was not carried out; 

30 FIG. 18 is a cross section showing an essential part for 
explaining polishing of an inter-layer insulating film by a 
conventional two-layer polishing cloth; 

FIG- 19 is a diagram showing a relationship of a wafer and 
tips; 

FIG, 20(A) is a diagram showing an example for polish- 
ing a fine area in a tip; 

FIG. 20(B) is a diagram showing an example for polishing 
an inier-laycr insulating film to accord with a wave of a 

FIG. 21(A) is a diagram showing an inter-layer insulating 
plate; 

FIG. 21(B) is a diagram showing an example for flatten- 
ing an inter-iayer insulating plate of a semiconductor device 
45 by a rcflow method; 

FIG. 21(C) is a diagram showing an example for flatten- 
ing an intcr-Iaycr insulating plate of a semiconductor device 
by an etching method; and 

HGS. 22(A), 22(B), 22(C), 22(D) and 22(E) arc diagrams 
for explaining problems of a mulli-wiring semiconductor 
device. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In view of the defects described in the prior art, in the 
present invention, experiments were carried out by using a 
hard synthetic resin polishing cloth difTcreni from a conven- 
lionai suede type polishing cloth which has been used in a 
mirror polishing of a silicon semiconductor substrate, and 
the following results were obtained. 

(1) A polishing speed is lowered as time for using a 
polishing cloth passes. 

(2) When the polishing speed is lowered, polishing quan- 
65 tity on a whole wafer surface becomes ununiform. 

(3) Immediately after a dressing is carried out by using the 
polishing cloth to form a surface layer, the polishing quantity 
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on the whole wafer surface becomes nearly uniform. Here- 
inafter, in the description of the present invention, the words 
"dressing^' and "surface layer formation*' are used synony- 
mously. 

A new or incoming hard resin polishing cloth is shown in 5 
cross seclion in FIG, 16 by 100 times enlargement by a scan 
type electron micrograph (hereinafter referred to as "SEM'') 
and in plan in FIG. 17 by 500 limes enlargement by the 
SEM. The surface states or conditions of the polishing clo± 
were observed (I) immediately after the incoming hard resin jq 
polishing cloth was subjected to dressing; (2) after the hard 
resin polishing doth was subjected to a polishing process; 
and (3) after the hard resin polishing cloth was used for 
polishing while subjecting to dressing. 

FIG. 14 shows an SEM enlarged by 100 times of a cross 
section of the polishing cloth after dressing. FIG, 15 shows 
an SEM enlarged by 500 times of a plane of the polishing 
cloth after-dressing, KG. 12 is an SEM enlarged by 100 
times of a cross section of the polishing cloth after polishing, 
FIG, 13 is an SEM enlarged by 500 times of a plane of the ^ 
polishing doth after polishing. FIG. 10 is an SEM enlarged 
by 100 times of a cross section of a polishing doth after 
dressing of the polishing cloth was carried out while pol- 
ishing. FIG. 11 shows an SEM enlarged by 500 times of a 
plane of the polishing cloth after the surface layer was 
formed while polishing. 

As a result of observations of the SEMs, fluffs of about 70 
pm can be seen on the surface of the polishing cloth 
immediately after the dressing was carried out in the cross 
seclion shown in HG. 14. However, after the polishing, the 30 
fluffs only have a height of about 30 even in the highest 
area as shown in FIG. 12. Further, there are some areas 
where the fluffs are plucked, and other areas where the fluffs 
are shaved and flattened. 

On the other hand, as shown in FIG. 10, fluffs of about 70 35 
fim arc uniformly formed on the whole surface of the 
polishing cloth in case the dressing was carried out while 
polishing. 

From the above observations, the following can be con- 
sidered. 40 

(1) In case the surface layer formation or dressing was not 
carried out, fluffs were not formed on the surface of the 
polishing cloth. In other words, abrasive particles contained 
in an abrasive were rolled on tlie surface of the polishing 
cloth, or washed away together with the abrasive liquid to 
thereby not foJly contribute to the polishing. 

(2) In case the dressing was carried out, the fluffs were 
unifonnly formed on a surface of the polishing cloth, and the 
abrasive panicles contained in the abrasive were held in the 
fluffs, so that when a wafer passed through, the fluffs were 
pushed down and nibbed against the wafer. At this time, the 
wafer is polished fay the abrasive particles held in the fluffs. 
More specifically, when compared to a diamond grind stone, 
the abrasive panicles held in the fluffs correspond to dia- 
mond grains, and the abrasive panicies held in the fluffs 
correspond to cutting edges of the diamond grains. 

(3) As lime in using the poHsliing cloth passes, the fluffs 
arc not formed on the polishing cloth, so that the abrasive 
particles are not held in the fluffs to thereby reduce a ^ 
polishing speed. 

(4) As time in using the polishing cloth passes, the fluffs 
become uneven on the surface of the polishing cloth, so that 
some portions where the fluffs are formed hold the abrasive 
panicles therein, and other portions where the fluffs are 65 
plucked do not hold the abrasive particles. Therefore, a 
predetermined polishing speed can not be obtained. 
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(5) Therefore, unless the fiuflFs are constantly formed on a 
surface 14a of a polishing cloth 14 formed of, for example, 
a hard foamed polyurethane as shown in FIG. 9(A), a 
predetermined polishing speed can not be obtained. Thus, it 
5 is apparent that the surface of the polishing cloth should 
have Huffs 14^, as shown in FIG. 9(B), by carrying out a 
polishing process while performing dressing at a necessary 
time, for example, at an initial stage, at a middle stage, 
continuously in the course, or before termination, of the 
polishing. 

As described later, it is suitable that the dressing of the 
surface of the polishing cloth is made continuously during 
the polishing process so that fluflfs arc uniformly formed on 
the surface by the dressing to thereby obtain a stable 
15 polishing speed. 

From the foregoing, it is clear that a polishing speed can 
be kept constant by dressing of the surface of the polishing 
cloth 14, as shown in FIG. 9{B), in the course of the 
polishing process, and at the same time with the constant 

20 polishing speed, even in case a number of wafers are 
polished, a uniform polishing quantity can be attained on the 
whole surface of each wafer. Hierefore, lot uniformity can 
be improved, as described later. 

Also, from the experiences of the mirror surface polishing 

25 of a silicon base in a wafer process, the present inventors 
paid attention to a point that the flatness of a wafer surface 
is a transcription of the flatness of the surface of the 
polishing cloth affixed to a support plate, and carried out an 
experiment on recreation of a surface shape of a polishing 

30 cloth described later, assuming that flatness of the surface of 
the polishing cloth also influences the uniformity. 

Further, from experiments described later, the following 
point became apparent In FIGS. 8(A>-8(C), as shown by 
imaginary lines, irrespective of the whole surface shapes of 
the polishing cloths ISa, ISb and 18c where apexes of the 
maximum thicknesses x contact the imaginary lines, i.e., a 
fiat shape, a concave shape or a convex shape, it is necessary 
that areas ISd, ISe and 18/including areas where respective 

^ wafers pass on the polishing cloths on the support plates 17 
positively hold shapes so as to conform to respective shapes 
of backing pads for holding wafers. In other words, it is 
necessary to recreate a surface shape of the polishing cloth 
at an initial stage, at a middle stage, continuously in the 
course of polishing process, or before termination, of a 
polishing process. 

Based on the above concept, it is assumed that a wafer 
carrier for pressing the wafer against the polishing cloth by 
holding widi a chuck includes a backing pad on a wafer 
holding surface, which has the same stmcture as that of the 
polishing cloih, and in case the backing pad is formed in a 
concave shape opposite to the convex shape of the polishing 
cloth on the support plate, higher uniformity can be 
obtained. 

55 In other words, when the backing pad surface and the 
polishing cloth surface have the same curvature, high uni- 
formity can be obtained. 

Incidentally, as shown in Table 1 as ''Rainess Variation in 
a Radial Direction of a Polishing Cloth Surface", flatness of 

60 the polishing cloth was measured immediately after polish- 
ing was carried out while dressing and recreating a surface 
of the polishing cloth. As a result, in case a shape of a 
backing pad for holding a wafer was in a concave shape, the 
flatness in the radial direction of the polishing cloth was 

65 maintained by continuously recreating the surface of the 
polishing cloth in the polishing process so as to keep a 
convex shape in the radial direction, irrespective of the 
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shapes of the polishing cloths in a diametrical direction as 
shown by the imaginary lines in FIG. 8(A)-«(C), i.e., a 
convex shape, a concave shq)e or a flat shape. On the other 
hand, the flatness changed in case recreadon of die surface 
of the polishing cloth was carried out every Ume when one 5 
wafer was polished, and a plurality of wafers was polished. 
More specifically, a maximum thickness x as shown in 
FIG. 8(A)-5(C) was changed in rcspecdve samples 1-3 by 
4-6 Jim in case the recreation of the surface of the polishing 
cloth was not carried out. On the other hand, the maximum jg 
thicknesses x for all samples 4-6 did not substandally 
change in case the recreadon of the surfaces of the polishing 
clodis was carried out by continuously recreating the pol- 
ishing cloths in the polishing process. 



TABLE 1 





Flatness Vaiiadon In a Radial J^iecdoo of a 




Polishing Qoth Surface (Convex: +; Coocavc: -) 






Sample 


Before 


After 




Condition 


No. 


PoHsfatng 


PoHshtng 


Vaxiatian 


10 wafers 


1 


+19 


+15 


-A 


were polished 


2 




+14 


-6 


after re- 


3 


+18 


+13 


-5 


acadon 










Wafers were 


4 


+11 


+11 


0 


polished while 


5 


+10 


+11 


+1 


recreating 


6 


+10 


+10 


0 


surface 











In view of the above results, the invention described later 3Q 
solves the following points. 

(1) A wafer which is flat in a micro view and uniform in 
a macro view can be obtained by flattening a semiconductor 
device by means of chemical mechanical polishing. 

(2) On every tips, wafer insulating films on a semicon- 35 
duaor device can be formed uniformly, 

(3) An inlcr-layer insulating film can be polished in an 
equal quantity irrespective of wiring density. 

(4) A predetentnined polishing rate can be obtained to 
polish an equal quantity of an inter-layer insulating film, 

(5) A wafer surface and a polishing clodi contact in 
parallel or with the same curvature, 

Hcreinunder, an embodiment of the present invention is 
described based on FIGS. 1 through 4. FIG. 1(A) is a cross 
section of an essential part, FTG. 1(B) is apian view showing 
a positional relationship of a polishing cloth, wafer, tool for 
forming a surface layer or recreating a shape of the surface 
(hereinafter referred to as simply "tool'*), and backing pad. 

In RG. 1, reference numeral 17 is a support plate; 18 is 50 
a polishing cloth; 19 is a vacuum chuck; 20 is a wafer for 
forming a semiconductor device (hereinafter referred to as 
''wafer 21 is a tool; 22 is a tool arm; and 23 is a backing 
pad. 

In the above simcturc, the wafer 20 held in the rotalablc 55 
and vertically movable vacuum chuck 19 through the back- 
ing pad 23 IS pressed against the polishing cloih 18 alExcd 
to a surface of the rotaiablc support plaic 17 by an adhesive 
10 polish a surface of the semiconductor device, for example, 
an intcr-laycr insulating film (not shown), formed on a 60 
surface of liic wafer 20, At the same time, a surface layer of 
the polishing cloth 18 is formed or a surface shape of the 
polishing cloth 18 is recreated by moving the tool 21, which, 
generally, includes the tool arm 22 fonncd of a material 
handle or a robot, in an X direction or in a Y direction (in a 65 
peripheral direction of a polishing cloth), or by shaking the 
tool 21 along the surface of the polishing cloih. 
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The polishing cloth 18 is formed of a lower layer 18/j 
disposed on a side of the support layer 17 and made of a soft 
and elastic polyurethane unwoven cloth SUBA-400 (pro- 
duced by Rodel, Inc.) having a hardness of 61 according to 

^ c scale of JIS K-6301, and an upper layer 18g for polishing 
the wafer 20 made of a hard foamed polyurethane polishing 
cloth IC-1000 (produced by Rodel, Inc) having a hardness 
of 95 according to c scale of JIS-K-6301, 

jQ FIGS. 4(A) and 4(B) show embodiments of the tool 21. 
The tool 21 having a surface shape corresponding to that of 
the backing pad 23 on the side where the wafer 20 is held as 
shown in HGS. 2(A) and 2(B), is used. In other words, a tool 
having the same curvature as that of the backing pad 23 on 

)5 the side of the wafer is used. Because coincidence of both 
curvatures is most effective to keep a shape of the polishing 
cloth in a radial direction as described later. 

Hie tool 21 shown in FIG. 4(A) is coated with diamond 
21a at a tip of a stainless steel ring by a plasma CVD method 

^ or an electro-deposition process to form a diamond coating 
portion. The diamond coating portion of the tool 21 contacts 
the upper layer 18^ of the polishing cloth 18 as shown in 
HG. 1(A), and includes an under surface of the ring and 
lower end portions on both the inner and outer peripheries of 
the ring, liie under surface of the ring has the same shape as 
that of the backing pad 23 as shown in FIG, 1(A). 

Further, the tool 21 is provided with a plurality of slits 21b 
having a width of, for example 5 mm, in equal intervals from 
an under surface side thereof for allowing an abrasive to pass 
therethrough, as shown in FIG. 1(B). 

The tool shown in FIG. 4(B) is fonned by coating 
diamond 21^ on a whole surface of a stainless steel or 
ceramic disc having the same curvature as that of the 
35 backing pad on a side where a surface layer of the polishing 
cloth is formed or a surface shape of the polishing cloth is 
recreated, by a plasma CVD method or an electro-deposition 
method. 

The tool shown in FIG. 4(C) is formed of a ceramic ring 
40 provided with a plurality of projections 21c on a ring top 
surface. The projections 21c are formed, for example, with 
a height of 1.5 mm, a diameter of 1.5 mm and a pitch of 2 
mm in a peripheral direction and in a direction perpendicular 
to the peripheral direction. Hie surface including the ring top 
45 surface provided with the projections has the same curvature 
as thai of a backing pad as described before. 

Two experiments were carried out by using a polishing 
apparatus having the structure as described above. The 
experiments arc described hereunder In the two cxperi- 
5^ mcnis, common conditions arc described below: 

(1) A silicon wafer having a diameter of 8 inches was 
coated with a silicon dioxide film as an oxide film on one 
side thereof, and the coaled silicon wafer was polished on a 
side of the oxide film. 

55 

(2) llic number of the wafers which were polished at one 
time was one. 

(3) Tiic experiments were carried out under the same 
conditions of pressure, rotation, abrasive and slurry fiow 

60 quantily. 

(4) After polishing, each wafer was washed, and the film 
thickness of the oxide film was measured at predeiermined 
49 points on the wafer to determine whether the wafer was 
uniformly polished in the respective 49 points, or whether 

65 equal qualities on the respective 49 points were removed. 
Based on the following equation, unifonnity is shown as 
perceniagc. 
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Uniformity of each wafci^{(Max~Min)/2xX}xI00 

In the equation. Max represents a maximum value of the 
polishing quantity per unit time (minute), Min represents a 
minimum value of the polishing quantity per utut time, and ^ 
X represents an average value of polishing quantities at, for 
example, the 49 points. In case a figure of the uniformity is 
small, the wafer 20 is polished unifonnly, and each tip in the 
wafer 20 is polished at the same polishing rate. 

Incidentally, uniformity of each wafer is measured by 
measuring polishing quantities, for example, on the 49 
points of the wafer, and the maximum value "Max" and the 
minimum value '*Min" of the polishing quantities are mea- 
sured on each polished wafer On the other hand, lot uni- 
formity of a plurality of wafers, for example 10 wafers as a 
lot, is measured from polishing quantities on 490 points of 
the wafers. However, the unifonnity of each wafer and the 
lot uniformity of the lot wafers do not always coincide. 

Moreover, the lot uniformity is generally lowered as the 
number of the lot becomes large. However, from the experi- 
ments described later, it has been found that the lot unifor- 
mity is improved when a predetennined polishing late is 
kept. 

Hereunder, the two experiments and the results are 
described, 

25 

EXPERIMENTl 

Polishing rates and unifonniiics when a surface layer of a 
polishing cloth was formed in each time and when a surface 
layer was continuously formed in the polishing process were 30 
compared, and graphs as shown in FIGS, 5 and 6 were 
obtained. 

HG, 5 is a graph showing a relationship between the 
polishing rate (A/min) and the number of polished wafers, 
and FIG. 6 is a graph showing a relationship between the 
unifonnity {%) and the number of polished wafers. 

From the experiments, it is found that when the surface 
layer of the polishing cloth was continuously formed in the 
polishing process, the polishing rate was stable. On the other ^ 
hand, when the surface layer was formed every time after 
one wafer was polished and the surface layer formation was 
not carried out during the polishing process, the polishing 
rates changed and were not stable. 

On one hand, when the surface layer of the polishing cloth 45 
was intermittently formed in the polishing process, the 
polishing rate was high and its variation was small and 
unifomi. As shown in HG. 6, the uniformity thereof was 
also small and was improved. 

Further, it comes to a conclusion that the lot uniformity 50 
was improved by inlcnniiiently forming the surface layer in 
the polishing process so as to keep the polishing rate 
uniform. 

EXPERIMENT 2 55 

Comparison was made on uniformities in case a surface 
shape of a polishing cloth was recreated and in case a surface 
s!ia[)c of a polishing cloth was not recreated. 

In Experiment 2, a surface shape of a polishing cloth was 
measured in directions shown by lines, such as X Y R (1) 
(2) and (3), in HG. 7. ' ^ ^ ' 

From the results of the experiments, the whole surfaces of 
both the polishing cloths in case the surface shape of the 
polishing cloth was recreated and in case the surface shape 65 
of the polishing cloih was not recreated, showed a concave 
shape as shown by an imaginary line in FIG. 8(B). However, 
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in case the surface shape was not recreated, the concave 
shape had further fine uneven portions formed on an area of 
the polishing cloth including a portion where a wafer passed. 

On one hand, in case the surface shape of the polishing 
cloth was recreated, an area ISe including a portion, where 
a wafer 20 passed, of the polishing cloth ISb fixed to a 
support plate 17 showed almost no variation in an x value, 
and the surface shape of ihc polishing cloth was kept in a 
concave shape as shown by the imaginary line. 

The results of measurements of the surface shapes of the 
polishing cloths are shown in Table 2. From the results of the 
measurements, in case a polishing process was carried out 
by using a polishing cloth where surface shape was formed 
before the polishing process was started and surface shape 
was recreated contimiously in the polishing process, the 
surface shape of the polishing cloth was kept in a convex 
shape and improved in its uniformity, when compared with 
a case where a siirface shape of a polishing cloth was 
recreated only before the polishing process was started 

On one hand, in case the surface shape of the polishing 
cloth was recreated only before a polishing process was 
carried out, the surface shape of the polishing cloth was 
changed to a concave shape, so that the convex shape which 
had been held before the polishing process was carried out 
could not be maintained, and the uniformity was not 
improved. Incidentally, in Table 2, represents a convex 
shape and represents a concave shape. 

TABLE 2 

Measurement Results of Surface Shapes of 
Polishing Cloths (Unit: pm) 

X Y R (1) (2) (3 ) 

35 Polishing cloth where +20 +10 +8 +6 . +1 -2 

surface sh^ was 
recreated beforehand 

Polishing cloth where -40 -58 -3 -6 -5 0 

surface shape was 
not recreated 

40 Polishing cloth where +20 +11 +8 +5 +1 -2 

surface shape was 
rcCTcaled 



Tables. 3 and 4 show numeral results obtained from 
45 experiments relating to curvatures of a polishing cloth 
surface and a backing pad provided between a wafer and a 
vacuum chuck. 



TABLE 3 
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backing pad 


(6 inch) 
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—6.5 pm -8 pm 


diametrical 


of wafer 


direction R 


(8 inch) 





Table 3 shows flatnesses of a backing pad 23 in a 
diamcLrical direction R in case wafers having diameters 6" 
65 and 8" were polished when polishing cloths of a diameter of 
609.6 mm have surface shapes of convex degrees d of +8 
and +10 ^m in a distance of a radius r, about 280 mm, as 
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15 



20 
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shown in RGS. 2(A), 2(B) and 2(C). Symbols "V' and ' 
attached to the numerals shown in Tabic 3 represent a 
convex shape and a concave shape in cross scclion, respec- 
tively, as shown in FIGS. 2(D) and 2(E). 

Based on Uie experimental results shown in Tabic 3, it is 3 
found that uniformity can be improved by setting flatness of 
the backing pad 23 to a convex degree d of the polishing 
cloth ISa or iSb (FIGS, 2(A) and 2(B)) in a radial direction 
r and to a flatness corresponding to a diameter of the wafer. 

In other words, since the flatness of the backing pad 23 
(FIG. 2(C)) approximately coincides with the shapes of the 
polishing cloths 18a and Ub (FIGS. 2(A) and 2(B)), the 
wafer 20 is pressed against the polishing surfaces ISi and 18/ 
of the polishing clodis 18a and ISb with an equal pressure. 

Therefore, unifonnity can be improved by recreating the 
surface shape of the polishing cloth in the course of the 
polishing process. For example, an inter-layer insulating 
film can be removed in an equal quantity from the surface 
thereof. 

20 

Incidentally, in FIG. 2(B), 22 represents a universal joint 
Table 4 shows flatness of the backing pad 25 in a 
diametrical direction R in case wafers 20 having diameters 
6" and 8** were polished when a polishing cloth 24 of a 
diameter of 609.6 mm had surface shapes of concave 25 
degrees d of pm and -10^ jrni in a distance of a radius 
r of about 280 mm, as shown in HG. 3. 



TABLE 4 





Flatness of EzcTang Pads (Unit ym) 


30 


FUmcss of 










polishing 










cloth surface 


Diamclcr ^ of 








in a ladial 


polishiag cloth 








r dirccuon 


surface = 
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Based on the experimental results shown in Table 4, it is 
found thai unifonnity can be improved by setting flatness of 45 
a backing pad 25 to a convex degree d of the polishing cloth 
24 in a radial direction r and to a flatness corresponding to 
a diameter of the wafer. 

In other words, since the flatness of the backing pad 25 
accords with the surface shape of the polishing cloth 24, the 50 
wafer 20 is pressed against a polishing surface 24a of the 
polishing cloth 24 to be polished with uniform pressure. 

Therefore, in ihis case, also, unifonnity can be improved 
by continuously recreating the surface shape of the polishing 
cloth in ihc polisiiing process. For example, an imcr-laycr ^5 
insulating film can be removed from a surface in an equal 
quantity. 

In the above descripiion of an embodimcni of the present 
invention, while an equation for calculating the uniformity 
was used, an equation for obtaining non-uniformity from a 
standard variation may be used for calculating the unifor- 
mily. The equation is shown as follows: 

65 

wherein Sx represents a standard variation, x represents a 
polishing quantity per unit time, X represents an average 
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value of polishing quantity per unit time, and n represents 
the number of samples. When the present invention is 
cariicd out, since elution of metal, such as a nickel, for 
forming a base of a tool results in contamination or short 
5 circuit of the instrument, it is necessary to prevent the metal 
portion from being contacted with a polishing liquid. 

When a polishing cloth is hard, the polishing cloth may be 
formed of one layer or more than three layers. The tool used 
in the invention may be a diamond grind stone. 

In the above embodiment, although the description was 
made in respect to polishing of an insulating film of a 
semiconductor device, especially an inter-layer insulating 
film, the present invention can be applied to flattening and 
uniforming processes in production of a semiconductor 
device, such as a metal wiring, polysilicon film, epitaxial 
growth film, resistance film, metal plug and silicon nitride 
film. 

According to the present invention, the following advan- 
tages can be obtained. 

(1) Since polishing is carried out while forming a uniform 
surface layer of a polishing cloth, a uniform polishing rate 
can be maintained to thereby improve lot uniform^, and an 
equal quantity is removed from the surface of an object to be 
polished by polishing. 
2^ (2) Since polishing is carried out while recreating a 
surface shape of a polishing cloth to keep the surface shape 
unifonnly, uniform pressure is always applied to an object to 
be polished. Therefore, an equal quantity can be removed 
from a surface of the object, for example an inter-layer 
insulating film, so that uniformity is improved. Also, irre- 
spective of density of a wiring, the surface of the inter-layer 
insulating film can be polished to be fiat in a micro view and 
to be a surface matching the surface of a wafer base in a 
macro view. 

What is claimed is: 

1. A flattening method of a semiconductor device by a 
chemical-mechanical polishing process comprising, 

preparing a synthetic resin polishing cloth in a circular 
form and a tool for forming a surface layer of the 
40 synthetic resin polishing cloth to have fluff thereon in 
a polishing process, said tool having an annular shape 
with a diameter less than a radial length of the polishing 
cloth, and 

rotating the polishing cloth along a central axis thereof 
45 and pressing the tool on a radial portion of the polishing 
cloth, said tool being moved along a radial direction of 
the polishing clodi and perpendicular to the radial 
direction to form the fluff on the polishing cloth so that 
the polishing cloth can evenly and continuously polish 
50 the semiconductor device. 

2. A flattening method as claimed in claim 1, wherein said 
polishing process is one of an initial stage of the polishing 
process, a middle of the polishing process, continuously 
during the polishing process, and before termination of the 

55 polishing process. 

3. A flattening method as claimed in claim 2, wherein said 
synthetic resin polishing cloth has a hardness higher ihan 80 
measured by a c scale according to JIS-630I. 

4. A flattening method as claimed in claim 3, wherein said 
60 hardness is from 90 to 110. 

5. A flattening method as claimed in claim 1, wherein said 
fluff is formed on the polishing cloth cominuousiy while 
polishing is being made by the polishing cloth, said fiuff 
retaining abrasive particles therein for flattening the scmi- 

65 conductor device. 

6. A flauening method of a semiconductor device by a 
, chemical -mechanical polishing process comprising. 
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preparing a synthetic resin polishing cloth in a circular 
form and a tool for forming a surface layer of the 
synthetic resin polishing cloth to have fluff thereon, 
said tool having an annular shape vnth a diameter less 
than a radial length of the polishing cloth, 5 

rotating the polishing cloth along a central axis thereof 
and pressing the tool on one radial portion of the 

polishing cloth, said tool being moved along a radial " 

direction of the polishing cloth and perpendicular to the 
radial direction to form the fiuff on the polishing cloth, ^0 
and 

rotating means for supporting the semiconductor device 
along a central axis thereof and pressing the semicon- 
ductor device on a different radial portion of the pol- 
ishing cloth to polish the semiconductor device while 
the tool is moved on the polishing cloth to recreate a 
surface shape thereof so that the polishing cloth can 
evenly and continuously polish the semiconductor 
device, 

7. A flattening method as claimed in daim 6, whaein said ^ 
fluff is formed on the polishing cloth continuously while 
polishing is being made by the polishing cloth, said fluff 
retaining abrasive particles therein for flattening the semi- 
conductor device. 

8. A flattening method as claimed in claim 6, wherein said ^ 
polishing process is one of an initial stage of the polishing 
process, a middle of the polishing process, continuously 
during the polishing process, and before a tennination of the 
polishing process. 

9, A flattening method as claimed in claim 8, wherein said ^ 
synthetic resin polishing cloth has a hardness of higher than 
80 measured by a c scale according to JIS-630L 

10. A flattening method as claimed in claim % wherein 
said hardness is from 90 to 1 10. 

11, A flattening apparatus of a semiconductor device by a 
chemical -mechanical polishing process comprismg, 

a flattening device ha^dng a circular polishing cloth for 
polishing the semiconductor device, said flattening 
device being rotated in one direction along a central 
axis thereof, 

a device for forming a surface layer of the polishing cloth 
having fluff thereon, said fonning device having an 
annular shape with a diameter less than a radial length 
of the polishing cloth, and 

a tool arm connected to the forming device, said tool arm 
being moved along a radial direction of the polishing 
cloth and perpendicular to the radial direction to form 
the fluff on the polishing cloth while polishing is being 
made fay the polishing cloth. 50 

12, A flattening apparatus as claimed in claim 11, wherein 
said device for fonning the surface layer of the polishing 
cloth recreates a surface shape of the polishing cloth. 
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13. A flattening apparatus as claimed in claim 12, further 
comprising means for supporting the semiconductor device, 
said supporting means and said device for forming the 
surface layer being located adjacent to the polishing cloth of 

^ the flattening device. 

14. A flattening apparatus of a semiconductor device by a 
chemical-mechanical polishing process comprising, 

a flattening device having a circular polishing cloth for 
10 polishing the semiconductor device, said flattening 
device being rotated in one direction along a central 
axis thereof, 

means for supporting the semiconductor device situated at 
a side facing the polishing cloth of the flattening device, 
said supporting means rotating along a central axis 
thereof and pressing the rotating semiconductor device 
on a radial portion of the polishing cloth, and^ 
a device for recreating a surface shape of the polishing 
cloth disposed adjacent to the supporting means to face 
the polishing cloth, said recreating device having an 
annular shape with a diameter less than a radial length 
of the polishing cloth, and a surface shape recreating 
25 face with a curvature m a radial direction thereof to 
which the semiconductor device slidingly contacts and 
being actuated while the semiconductor device is being 
polished by the flattening device to recreate the pol- 
ishing cloth continuously. 
30 15, A flattening apparatus as claimed in claim 14, wherein 
said recreating device forms a surface layer to have fiufi" 
thereon while recreating the surface shape of the polishing 
cloth. 

16. A flattening apparatus as claimed in claim 15, wherein 
35 said recreating device is a tool including diamond abrasive 

grains. 

17. A flattening apparatus as claimed in claim 15, wherein 
said surface shape recreadng face of the recreating device 
includes diamond abrasive grains. 

18. A flattening apparatus as claimed in claim 15, wherein 
said recreating device operadng as the forming device is 
made of ceramic. 

19. A flattening apparatus as claimed in claim 15, wherein 
45 said surface layer of the recreating device is made of 

ceramic. 

20. A flattening apparatus as claimed in claim 19, wherein 
said surface layer made of ceramic is fixed with diamond, 

21. A flattening apparatus as claimed in claim 19, wherein 
50 said surface layer of the recreating device includes a plu- 
rality of projections. 
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